1. In 70 patients with untreated essential hypertension, b l o d pressure variability was correlated to plasma catecholamines and to the response of blood pressure and peripheral flow to cold pressure and handgrip tests.
Introduction
Several observations suggest that blood pressure variations are related to activity of the sympathetic nerves. First, the effect of a number of stimuli such as exercise and emotions, that can cause important variations in blood pressure, are largely mediated by the sympathetic system. Further, a close relationship of the evolution of blood pressure and heart rate in 24 h recording also points toward this hypothesis (Millar-Craig, Bishop & Raftery, 1977) . However, our previous studies have shown that blood pressure variability was unaltered by either 8-adrenoreceptor- (Clement, 1977; Clement, Bogaert & Pannier, 1977) or eadrenoreceptorblocking drugs (Clement, 1979) . In the present study this question was re-examined in a direct way by correlating blood pressure variability to a number of parameters that are linked to the sympathetic activity.
Patients and methods
Seventy outpatients with moderate hypertension were investigated. Routine examinations had revealed no definite cause of the blood pressure elevation; ECG and chest X-ray were within normal limits. Ocular fundi showed changes graded stage I or I1 according to the Keith-WagenerBarker classification.
Supine systolic and diastolic blood pressures were measured by an ultrasonic method (Arteriosonde 12 17). The cuff was automatically inflated to a preset pressure of at least 40 mmHg above systolic pressure; it was deflated at a rate of 2 mmHg per heart beat. A recording session lasted 3 h and recordings were made every 5 min. Systolic and diastolic variability in a 3 h session was defined as the standard deviation of the mean of the systolic and diastolic readings in that period. Variability was represented both in absolute values or relative to the blood pressure (as variation coefficient).
Patients were either untreated or all treatment was withdrawn for at least 3 weeks before the study. Resting blood flow was measured simultaneously in calf (muscle blood flow) and finger (cutaneous blood flow) by an automated ECGtriggered venous occlusion plethysmograph (Periflow, Janssen). In most patients a programme of venous occlusion during three heart beats and of venous release during the next two heart beats was used.
The cold pressure test was performed by immersing one hand in ice-cold water (4OC) and blood pressure was recorded in the contralateral arm every minute for 3 min. The handgrip test was performed after recording the baseline pressure, by asking the patient to grip at 50% of maximum voluntary contraction for 3 min. Respiration was observed to avoid performance of the Valsalva manoeuvre during the test.
Plasma noradrenaline and adrenaline were determined in the supine position after 3 h rest and after 10 min in the sitting position. The radiometric method of Da Prada & Zurcher (1976) was used with slight modifications (Moerman, Bogaert & De Schaepdryver, 1976) . Linear regression analysis was performed and the Spearman-Rank correlation coefficient was calculated.
Results
There is a positive and significant correlation of the level of blood pressure to its variability; the highest degree of significance is observed when the highest values are taken into account, i.e. systolic variability and the highest systolic pressure recorded during 3 h and similarly for the diastolic variability. A significant correlation was also seen of variability to the mean level of blood pressure recorded over 3 h and even to the casual sitting blood pressure (Table 1 ). This correlation is for blood pressure as a number, and not for the type of blood pressure, as is indicated by the finding that any of these correlations are no longer significant when variability is expressed as variation coefficient. There is also a weak but significant correlation ( r = 0.24; P = 0.041) of systolic versus diastolic variability. Systolic variability increases significantly with age but, also, this significance is lost when variability is expressed relative to pressure.
No significant correlation could be found between variability and either noradrenaline or adrenaline, whether determined supine or sitting. This applies to systolic and to diastolic variability expressed in absolute or in relative terms.
There is no significant correlation between variability (systolic or diastolic) and blood pressure changes induced by both tests. Blood flow through the fingers and to the calves was also studied but this parameter was not related, either at rest or during both tests, to blood pressure variability. This still applied when, instead of flow, the calculated vascular resistance in finger or calf was used.
Discussion
An ultrasonic device (Arteriosonde 1217) was used to record spontaneous variations in blood pressure. Previous studies have shown that this method gives values of systolic and diastolic blood pressure similar to those obtained with a Sympathetic activity and blood pressure variability 219s sphygmomanometer (George, Lewis & Petrie, 1975; Clement, 1977) .
The results show that blood pressure variability is positively and significantly related to the level of blood pressure whether pressure is represented as the highest or the lowest value obtained or as the mean of the pressures recorded during 3 h. Moreover, a significant correlation is obtained with a single casual recording using Korotkoff sounds, recorded at the time the patient walks into the room. The significance of these correlations is lost when variability is expressed as variation coefficient. These data confirm our earlier findings (Clement, 1977) , that the variation coefficient in a group of patients with relatively low blood pressures was very close to that in a group of hypertensive patients. Thus variability correlates with blood pressure in a quantitative but not in a qualitative way.
This finding supports the data obtained in the second part of this study showing no statistical significance of variability to any of the haemodynamic parameters studied. Attention was focused on these parameters, related to the sympathetic activity, as a number of previous studies suggested a role for sympathetic nerves in the spontaneous changes of pressure. However, pharmacological inhibition of &adrenoreceptors or midrenoreceptors (Clement, 1979) did not diminish variability. The present data demonstrate a lack of correlation of variability to the responses of tests that are routinely used as tests for sympathetic function.
